Objectives-To investigate whether additional resources for tertiary cardiology services, aimed at increasing coronary angiography and revascularisation rates, can improve socioeconomic equity of utilisation. Design-Cross sectional ecological study, using the Super Profile classification of enumeration districts and ischaemic heart disease (IHD) standardised mortality ratios (SMR) as a proxy for need.
came more equitable, although increased equity for revascularisations is less apparent. Conclusion-Early indications are that additional resources for tertiary cardiology may have reduced socioeconomic inequities in angiography, without being specifically targeted at the needier, more deprived groups. Improvement in socioeconomic equity of utilisation of revascularisation is not yet clear, although data for April 1996 to March 1998 (after a lengthier intervention period) may confirm improved equity. Should this not be so, it might be necessary to specifically target resources to the deprived to increase equity in revascularisation. The socioeconomically disadvantaged have been shown both nationally and locally to experience a greater burden of coronary heart disease mortality than the privileged. 1 2 Similarly, they have also been shown to experience more ill health. 3 Investigation by coronary angiography followed, where appropriate, by revascularisation using coronary artery bypass grafting (CABG) or percutaneous transluminal coronary angioplasty (PTCA), has been shown to be eVective both in prolonging the life of those with extensive coronary disease at moderate to high risk, and in improving the quality of life. [4] [5] [6] [7] [8] [9] Given the founding principle of an equitable NHS, and that clinical eVectiveness is evident, it would be expected that the socioeconomically disadvantaged would therefore also experience more coronary angiographies and CABGs/PTCAs-that is, equal utilisation for equal need.
Previously, the medical literature examining the relation between socioeconomic status and coronary angiography/revascularisation rates, had shown contradictory results, possibly attributable in part to the diVerent methodologies used. [10] [11] [12] [13] [14] Using Super Profile analysis, we confirmed socioeconomic inequity in both coronary angiography and revascularisation within the former Yorkshire Region in the period 1992-1994. 15 The Super Profile 16 methodology uses multivariate techniques to combine 120 census variables that indicate deprivation-that is, a multidimensional view to more accurately reflect the multidimensional nature of socioeconomic circumstance. It uses enumeration districts (EDs), the smallest geographical area for which the data are available, to limit the scope for ecological fallacy. These highly correlated variables are transformed using principal component analysis to fewer less correlated variables, while maintaining as much of the original data as possible. Cluster analysis then groups EDs with similar characteristics at three levels. The most aggregated level is used for this analysis with the 10 Lifestyle groups sequenced using the scores of the first principal component to form an index of aZuence (table 1) . The usefulness of the methodology has previously been demonstrated in health services research. [17] [18] [19] [20] Our study 15 showed a twofold to threefold diVerence in overall rates between districts, and a similar diVerence between district rates for diVerent Lifestyle groups (table 2) . In general, districts with high procedure rates (for example, Leeds, a geographically small but densely populated district with two NHS tertiary cardiology centres and private provision) had the most equitable utilisation across Super Profile groups. In districts where procedure rates were low despite high standard mortality ratios (SMRs) (including United HealthGrimsby and Scunthorpe Health Authority district, with no tertiary centre or private providers), utilisation was inequitable across socioeconomic groups.
Although the ideal rate for revascularisation is unknown, the British Cardiac Society (1994) has recommended 1000 CABG/PTCA procedures per million total population. 21 Does the provision of extra resources to increase angiography and revascularisation rates in districts currently well below this recommended level result in increasing equity of utilisation-that is, does the uptake in such circumstances improve most in the poorest groups? Or, does providing extra resources without actively targeting the needy deprived groups simply maintain the status quo, reinforcing the Inverse Care Law? 22 
Method
The aim of this research was to examine the impact on socioeconomic diVerences in coronary investigation and revascularisation utilisation rates, of increasing resources for cardiology, in one district-United Health There was one catheter laboratory on the north bank, at Hull Royal Infirmary, running an extended service to undertake 1600 angiographies per year, the recommended being 1200 per year. There was a consultant general practitioner with an interest in cardiology in post at the Grimsby district general hospital, but not at the Scunthorpe hospital. People with heart disease were referred to the north bank cardiologists either directly by their general practitioner or by general physicians at the two local hospitals. Grimsby hospital had the facilities to oVer complete non-interventional assessment, but the service at Scunthorpe was more limited at this time. The consultant physician in Grimsby had limited informal access to the catheter 15 In summary, 1991 census population for the former Yorkshire Region and its seven constituent districts were electronically assigned to a Lifestyle group, by gender and five year age band, according to ED characteristics. These data provided the population denominator. Using regionally collated hospital activity data, 23 patients aged > 25 years with a primary diagnosis of ischaemic heart disease who underwent coronary angiography, CABG or PTCA as a primary procedure were also assigned to a Lifestyle group, using their postcodes. Average annual age standardised utilisation rates per million population were calculated for the region and for each district by Lifestyle group using 1992-4 activity data, standardised to the European Standard Population. 24 Utilisation rates were also calculated using 1994-6 activity data for residents of the United Health district. It should be noted that as rates per million quoted are for those aged > 25 years, they are around 30% higher than if a total population rate were calculated. Ischaemic heart disease standardised mortality ratios for Lifestyle groups were used as a proxy for need. (1992) (1993) (1994) , before increasing resource input, were the third lowest of the seven health authorities in the Yorkshire Region despite the district's high SMR (119 in 1993) (fig 1) . Revascularisation rates were the second lowest, there being an almost threefold diVerence across districts (fig 2) . Within the district, both investigation and revascularisation rates were inequitable, there being a decreasing trend across Super Profile Lifestyle groups from the AZuent Achievers to the Have-Nots despite a twofold increase in SMRs indicating the greater need of the more deprived ( figs 3 and 4) . The ratio of the angiography rate for the AZuent Achievers to that for the Have-Nots was 1.2:1 (that is, the angiography rate for the most deprived group was 19% less than that for the most aZuent group, a diVerence of 284 per million procedures, table 3). The corresponding ratio for revascularisation rates was 1.53:1 (that is, 34% less procedures for the Have-Nots than the AZuent Achievers, or 347 per million less, table 3). Had private hospital data been available, and an additional 10-20% procedures included in the analysis, these ratios would have been greater. 25 After a concerted eVort to increase resources for tertiary cardiology in Grimsby and Scunthorpe district, considerably higher overall procedure rates for 1994/6 were achieved (a 41% increase in investigation and a 47% Early indications reveal the trend for angiographies across socioeconomic groups also became more equitable (fig 3) . The ratio of angiography rates in the most aZuent group (AZuent Achievers) to that in the most deprived group (Have-Nots) decreased by 48% to 0.62:1. The most deprived now received 61% more investigations than the most aZuent-that is, a rate diVerence of +826 angiographies per million (table 3) . To test this perceived improvement statistically, the ratios of angiography rate to SMR for Lifestyle groups I-IX, Country Life to Have-Nots, were subtracted from the ratio for AZuent Achievers in the period 1992/4 and repeated for 1994/6. On the premise that for equity on the basis of need as determined by SMR all ratios should be the same as for the most aZuent group, mean diVerences before and after were compared using Student's paired t test. The ratio of angiography rate to SMR by deprivation was significantly closer to the most affluent group (AZuent Achievers I) for all other Lifestyle groups (II to X) in 1994/6 than in 1992/4, (t = −5.71, p<0.001, mean diVerence 1992/4= −7.46, mean diVerence 1994/6 = −1.2) confirming improved equity.
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Results
United Health investigation rates
The ratio of revascularisation rates in the AZuent Achievers to that in the Have-Nots also decreased, this time by 54% to 0.71:1, with the most deprived now receiving 41% more (265 per million more) procedures than the most aZuent (table 3) . However, the considerable variation in rates across the Lifestyle groups resulted in little improvement in the linear trend for revascularisations (fig 4) . The ratio of revascularisation rate to SMR by deprivation was, however, also closer to the most aZuent group in the latter period than in the former (t = −10.12, p<0.001, mean diVerence 1992/4 = −6.56, mean diVerence 1994/6 = 0.92), again indicating improved socioeconomic equity.
Discussion
It is now openly accepted that socioeconomic inequalities in health can be reduced by 26 
:
(1) improving social and economic circumstances of society's poorer groups, (2) improving environmental conditions, and (3) encouraging healthier behaviours.
Despite having a government openly committed to reducing inequalities, tackling the first two will be a long and diYcult process, and there is little evidence of the eVectiveness of health promotion programmes designed to tackle the third. 27 Access to high quality services is also recognised as an important determinant of health status. 28 It has been suggested that policies designed to equalise access to acute health services, while doing little to tackle the underlying causes of inequalities in health status, might be much more cost eVective in tackling the consequences of deprivation. 29 It would be expected, therefore, that ensuring better access to angiography and revascularisation for people with coronary heart disease in more deprived areas, would help to reduce inequalities in ill health and in mortality 30 in the interim period. Targeting deprived groups for investigation and treatment for heart disease is more difficult than targeting for health education, as service related factors (clinical judgement, attitudes to patients, appropriateness) as well as patient related factors (attitudes, expectations, illness behaviours) are important. Such a process could be facilitated by "flagging" the health records of patients from deprived areas.
Increasing overall resources in an untargeted manner is much simpler. Previous studies examining impact on socioeconomic inequality KEY POINTS
x Districts with high overall intervention rates (angiography and revascularisation) have equitable provision across socioeconomic groups. x Within districts with low overall rates, deprived Super Profile groups with high SMRs have lower intervention rates. x Increasing resources for tertiary cardiology in one district so that overall intervention rates attained recommended levels increased equity across socioeconomic groups despite no specific targeting. x Reducing inequalities in coronary heart disease is an Our Healthier Nation priority.
Increasing district rates to recommended levels may help in part to achieve this target.
of uptake have looked mainly at prevention interventions. Reading et al 30 found that despite substantial increases in immunisation uptake, inequalities persisted or widened, whereas Smith et al 31 found that improvements in vision screening coverage selectively benefited children from poorer areas.
Early indications from this study have shown that increasing overall resource input to tertiary cardiology may narrow inequalities in angiography utilisation rates between the socioeconomically deprived (Have-Nots) and the privileged (AZuent Achievers). This may mean that the needs of the articulate and more demanding aZuent were already being met, and additional resources began to meet more of the needs of the less empowered, less advocated deprived. This would suggest there is a minimum (threshold) angiography rate required below which inequity is probable.
Angiography is the gateway to revascularisation, 32 but there is less clear evidence of a corresponding eVect on revascularisation. Statistical significance testing suggests improved equity, but regression analysis (linear trend) shows little improvement. The latter may, however, be skewed by outlier points, for example, Country Life group. It also may be that insuYcient time has elapsed since the interventions were introduced in 1994 and 1995, and that when 1996/8 HES data become available greater equity will be clearly shown here as well. Should this not be seen then either the revascularisation rate is still too low to meet overall need, or equity can only be achieved by specifically targeting those in lower socioeconomic groups. This may be diYcult to determine without private hospital data to assess any concurrent changes in privately purchased procedures. Other potential explanations are that contraindications to revascularisation, for example, obesity, smoking, comorbidities, possibly more prevalent in lower socioeconomic groups may influence clinical appropriateness for revascularisation, or that angiography revealed more noncardiac disease in lower socioeconomic groups. This latter hypothesis is unlikely as investigations are more likely to be undertaken to allay the fears of the middle class "worried well". A detailed case-not study would be required to ascertain this.
Although this research suggests that an untargeted increase in resources for tertiary cardiology services can narrow socioeconomic inequalities in service utilisation, methodological limitations have to be considered. These have been discussed in depth elsewhere. 15 It is considered that scope for the ecological fallacy to operate is limited. Geographical proximity has also been shown elsewhere in part to explain diVerences in revascularisation rates. 25 This may be responsible for the very high rates shown in Leeds, a district with two providers of tertiary cardiology services (at the time of study) despite a relatively small geographical area. However, Grimsby and Scunthorpe district was chosen for the examination of the impact of increased resource because it has no tertiary centre. Hence, diVerences shown are over and above those resulting from geographical proximity.
Finally, reducing inequalities in coronary heart disease is an "Our Healthier Nation" 26 priority. While it is not possible to prove our interventions are solely responsible for the increased equity shown, increasing district rates to recommended levels may begin to reduce the gap between the privileged and the deprived, particularly if specifically targeted.
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